a B.Sc. with first class honours in 1927, and was awarded the Le Blanc Medal on the results of the final examination and a Smithells Scholarship from the University.
At school he had not excelled at sport and preferred an independent outdoor life. He was fond of walking and camping, carrying equipment on a push cycle in the days when farmers in Devonshire had never seen campers, and would offer their barns for the night if it was pouring with rain. He came to know the Lake District very well, and was particularly fond of Derwent Water and Friars Crag. His power of leadership developed early and he reached the position of Head Boy at school and leader of Boy Scouts.
His marriage to Jean Marie Macvean on 1 January 1942 was the beginning of a lifelong happiness for him through the community of interests which they shared while bringing up their family of one son and one daughter.
It so happened that his earliest pilot plant was located on the gas works at Poole, where a supply of hydrogen was available from an Air Ministry instal lation built to supply the balloon barrage. One of the authors (D. H.) introduced him to the simpler aspects of sailing, on the local boating pond, the manager of the Bournemouth gas company introduced him to Parkstone Yacht Club, and Fred fell in love with the sea. One evening he returned from Poole and announced to his wife that he had now thought out a way by which the whole family could share his enjoyment; they would buy a sailing boat. The news was received with mixed feelings for Jean, who was expecting their first-born, had no sea experience. He served his apprenticeship in Poole Harbour as the owner of an X Boat, a class of half-decked keel boat designed for inshore racing and day cruising. But a moment of decision in his life came in 1949 when they bought 'Blue Jay', a cutter which had been built in 1926, it opened up a whole new way of life. From Beaulieu or Poole they explored the familiar south coast ports-then took in all the Channel Islands, and the north coast of Brittany with its rocks and fierce tides, and eastwards to Normandy in successive holidays. And it was on 'Blue Jay' that he and Jean spent the six years of his retirement in the Mediterranean after a leisurely but well planned cruise down the Spanish and Portuguese coasts to Tangier and Gibraltar.
Fred's love of engines was legendary, and the Brough Superior motor cycle, and later the Riley car, took up much of his spare time before the War, the engine spending its winters in his bedroom. He was to be seen lapping the valve guides with metal polish on his way to work on the tram.
One evening he decided that the gearbox, of the pre-selector type and a very complex piece of machinery, had some noise in it which had to be cured. With a friend he started to take the gearbox to pieces, and when finally that was accomplished he found he had no manual to show how it should be reas sembled. But by 5 a.m. it was assembled and working, and it was characteristic of him that he then took it to pieces again so that he could be sure he knew how to put it together again. It was by now 9 o'clock in the morning and time to start work. 156 
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He had many hobbies which he pursued with dedication but throughout his life he remained faithful to photography. He had all the technical skills required to process and produce excellent prints of artistic value, and he had a good eye for composition and colour. He never lost his love of art, and may have regretted at times the career he had abandoned at school, and missed no opportunity to visit the great galleries of the world. He even returned to evening classes at the St Martin's School of Art in London, while he was working long hours on the water gas plants at certain of the London gas works. He said he had observed that Augustus John was earning £4000 a year compared with the £3000 a year which he then considered to be the highest figure that he could aspire to in the gas industry.
One aspect of his character, which was not immediately apparent to those who met him only in the course of his work, was his capacity for the enjoyment of living and his sense of fun. W. R. Branson, who had shared a bench with him during their student days at Leeds and continued, like Dent, to make his career in the gas industry has referred to this and writes: 'An evening with him could be an hilarious affair.' L eeds U niversity, The University of Leeds had established a Fuel Department in 1906, the first in any British university, on the initiative of the Head of the Chemical Department, Professor A. Smithells, F.R.S. The new department was wel comed by the more far sighted of the leaders of the gas industry. They were becoming alarmed at the loss to electricity of their monopoly in lighting, and now saw the need to examine afresh the efficiency of traditional processes and to find new markets for gas as a source of heat.
Following a suggestion made by Dr Carpenter of the South Metropolitan Gas Company in 1904, an appeal was made for funds to carry out research. By 1907 the cooperation of the new department at Leeds had been secured, and a Gas Research Fellowship was founded. The list of holders of the Fellow ship is an impressive one, and many of them came to occupy important positions in the gas industry and in other related activities. Three years later, in 1910, the University and the Institution of Gas Engineers set up a Joint Research Committee with Professor Smithells as Chairman, to supervise research which was to be financed by the industry and directed towards its more immediate and urgent requirements. When new legislation in 1920 made it possible at last to sell gas on the basis of its calorific value, the work of the Joint Com mittee was expanded to include investigations into the efficiency of gas manu facture. These began with large scale tests on working plant at gas works, and later used a new test plant at the University.
One further step served to strengthen the links between the gas industry and Leeds, and to quote Professor J. W. Cobb in an address he gave to the Institution in 1930:
'It was the clarity of vision of some of the more advanced gas engineers which brought them to the conclusion that the most fitting memorial which could be raised to the memory of their great leader, Sir George Livesey, whom they had just lost, was one which should stimulate this conception (i.e. scientific training), and the gas industry, by endowing the Livesey Chair for the express purpose of giving to intending entrants to the gas engineering profession a scientific train ing which should meet their needs.' Professor W. A. Bone, later F.R.S., was the first occupant of the Chair of Coal Gas and Fuel Industries in 1910, and when he left to go to Imperial College in 1912 he was succeeded by Professor Cobb.
The Livesey thus commemorated belonged to a family which could trace its origins back to the earliest days of gas. His father Thomas Livesey the younger, whom he succeeded in the South Metropolitan Gas Company was the nephew of Thomas Livesey the elder, one of the founding members of the Chartered Gas Light and Coke Company, the first ever gas company dating from 1812.
With this background it was hardly surprising that Dent was absorbed into the gas industry. Professor Cobb was carrying out a wide ranging investigation of the effect of carbonizing conditions on the quality of coke. In thermal terms coke is the main product of the carbonization process on which the gas industry still mainly relied, as it had for more than 100 years. If it were possible to produce a coke which would burn as freely as coal in an open fire the future would be assured and a significant advance made towards clean air.
He had observed that the addition of sodium carbonate to coke, or to coal before carbonization, could improve the reactivity in certain circumstances; it was also thought that the nature of the ash in the coal could affect the re activity of coke.
Dent's work during his fourth student year on the gasification of coke in oxygen merged into an investigation into the influence of ash constituents on reactivity carried out in the two further years during which he held the Gas Research Fellowship. In retrospect it might be said that some of the earlier directions followed in this research proved unproductive although the tech nical excellence of the work and the clarity of presentation are beyond question.
The Gas Research Fellowship report to the Institution of Gas Engineers in 1929 gave a new definition of the problem.
'Our experiments have led to the view that the combustible portion of a coke, as apart from the incombustible ash, cannot be regarded as homogeneous, but is composed of constituents with different properties.' Cobb and Dent went on to measure the equilibrium in the Boudouard reaction C 02+C " .... " 2CO.
The results were communicated to the Chemical Society and it was shown that the equilibrium depends on the nature of the carbon: for example at 800 °C and at 1 atm pressure the percentage of carbon dioxide at equilibrium varied from 7.0% to 13.8% according to the nature of the carbon and its pretreatment. This was to prove a significant pointer to the successful operation of many processes in which the Boudouard reaction may become involved. Later, by measuring the free energy change of carbon deposited on nickel catalysts, Dent was able to calculate new equilibrium constants for both the decomposition of carbon monoxide and methane, constants which are still in use today to determine the threshold of carbon-depositing conditions in pro cesses used to synthesize methane, and gasify higher hydrocarbons catalytically. In February 1929 one of the two posts of Research Chemist to the Joint Research Committee fell vacant and Dent was appointed. He now had a staff of three assistants, with greater funds at his disposal and research objectives closely related to the gas industry's immediate problems. There followed a series of intensive investigations into the operation of carburetted water gas plants at some of the largest gas works in the country. It began, almost by accident, with an urgent request to evaluate creosote as a substitute for mineral oil in the thermal cracking process used to enrich water gas. Having disposed of that subject (creosote was a very inferior material and its use not justified even as a method of dealing with a surplus by-product), he turned to the far more interesting study of the newly introduced 'back run' water gas process.
The water gas process was seen as a flexible auxiliary to carbonization, which was then the industry's basic production method. It is a cyclic process in which coke is subjected to an air blast in order to bring it up to operation temperature and store heat in the fuel bed. Steam is then passed through the hot coke to produce the basic water gas, by the endothermic reactions c + h 2o " CO+H2 C + 2H20 ^ C 02+2H2.
The water gas is enriched by passing it over checker bricks in another vessel which has been heated by the waste gases, and into which oil is injected and 'cracked' to give a mixture of hydrocarbon gases. In the 'back run' modifica tion an additional step was introduced whereby the steam is preheated over these same checker bricks, thus returning some of the waste heat to the fuel bed. These were very large units, but they could be accurately controlled on a time cycle as short as 3 minutes in all. The time and rates of air and steam could be varied between wide limits-ideal conditions for scientific study. In Dent's own words, 'Parameters were varied with remarkably consistent results and the plant behaved as a large piece of research apparatus, a very responsive piece of apparatus. Here there was no compromise with standardized condi tions and the full interplay of the various factors was displayed for interpretation. The entire orchestra was playing. ' They made more than one hundred tests in six years and came to love these large scale experiments, which were reported in great detail in the Journal of the Institution of Gas E n g i n e e r s , and discussed and argued over at length at the Autumn Research Meetings.
In May of 1935 a few paragraphs in the technical press announced the Lurgi process for gasifying lignite. Dent has told how having just received a request for a research programme for 1936, 'isolated and somewhat exhausted in a wooden hut and being on the Croydon Water Gas Plant, we were quite ready to accept what appeared to be divine intervention and, for the programme, we proposed that the Lurgi process be investigated, only vaguely conscious of its implications'.
The Lurgi process differed in most respects from systems of gasification in general use. A mixture of oxygen and steam passing through the fuel bed maintains gasification temperatures while producing gas. There was no need for the complicated series of cyclic operations required in the water gas process. More important still it could be operated at pressures up to 25 atm with spec tacular savings in plant size for a given output. However, the gas was appreciably lower in calorific value than the industry's standard town gas.
The idea of gasification in oxygen was warmly welcomed at Leeds, where Cobb and Hodsman had proposed such a method as far back as 1920, but they were ahead of their time, tonnage oxygen plants not then being available. The Joint Research Committee welcomed this new development. They observed that the investigations into existing processes had defined the underlying principles and noted that there was a sufficient number of scientific personnel in the industry to apply methods of systematic study to the control of operations. They agreed that the time was now ripe for a search for any new process which would convert coal into gas completely. It was a bold decision since the parti cipants in any scheme of cooperative research are apt to be looking for quick returns.
Leaving the gas works behind them Dent and his team returned to the laboratory to begin their new investigations. The Lurgi process had been developed to gasify lignite; any suitable British coal would be liable to have some caking property which would prevent its smooth passage through the gasifier. This, however, was a problem for the future and they set to work as quickly as possible learning to gasify coke in oxygen and steam at atmospheric pressure. The following year, 1937, the equipment needed for high pressure work had been assembled and they were able to report successful runs using coke, semi-coke-that is coal treated at 450 °C-and anthracite. A feature of all these tests was the high yield of methane; it was much in excess of the yield from straight distillation. This feature had been observed at Germany also when gasifying lignite, but it was claimed to be due to the synthesis of methane from water gas.
Dent rejected this hypothesis. He was convinced that conditions in the generator were unlikely to promote this reaction and came to the conclusion that the methane was being produced by hydrogenation of the coal substance. To prove this he went on to gasify the same fuels in hydrogen in pressures up to 100 atm and obtained high yields of methane while gasifying up to 75% of the fuel substance.
On the basis of these experiments he proposed a gasifier in which hydrogen was to be introduced into the upper part where conditions were favourable for methane formation. In this way it should be possible to produce a gas of greatly improved quality, compatible at least with town gas as normally sup plied, and with the potential of a much higher calorific value, if that should prove useful.
His plans for a pilot plant were approved and it was intended that this should be a joint enterprise with the Fuel Research Board. Before they could be put into effect war had broken out and it was some years before work could start, not at East Greenwich, as originally intended, but at the Pitwines works of the Bournemouth Gas and Water Company in Dorset. In the meantime Dent concentrated on the catalytic synthesis of hydrocarbons, particularly as war time experience had shown the need for devising processes to synthesize methane, to be used as a substitute motor fuel should additional supplies become necessary. His high pressure techniques were applied to this end with considerable success and tested in semi-scale plant erected in the host University department. With characteristic enthusiasm, Dent and his team willingly accepted the day and night working throughout the year that this type of investigation involved. He demonstrated that difficulties such as poison ing of the catalyst by sulphur, ageing of the catalyst and carbon deposition were not in fact as insurmountable as had been assumed by chemists for some thirty years. He saw that the most difficult of the engineering problems in the development of full scale plant would be the dispersal of the large quantity of heat evolved in the Sabatier reaction
and proposed methods for dealing with this.
Meanwhile the Gas Research Board, established in 1939, had taken over the function of the Institution of Gas Engineers on the Joint Committee, and when in 1943 the Board became operational Dent was appointed to the first of two posts of Joint Assistant Director, with special responsibility for the gasification programme.
T he G as Research Board, 1943-51
Under wartime conditions with many restrictions on materials and supplies, the change from the Joint Committee to the Gas Research Board made little difference to the practical aspects of the work. It was just a case of waiting with what patience could be mustered until the time when pilot plant facilities could become available. These were urgently needed to evaluate the feasibility of processes for the hydrogenation of coal and the synthesis of methane which had been brought to the limits of laboratory technology.
It was fortunate that at the Bournemouth Gas and Water Company there was an enlightened director with a belief in the value of research and he con trived to make hydrogen available to the Gas Research Board from a plant built to supply the balloon barrage, which had now become redundant. The hydrogen, produced by the steam-iron process, was of high quality and could be delivered at pressures up to 260 bar. The plant was at the Pitwines Gas Works and there were available also supplies of blue water gas, brought across from the adjacent Poole Gas Works, which could be enriched with hydrogen to give the mixture of carbon monoxide and hydrogen required for the pilot scale evaluation of the Sabatier synthesis. Steam, power and cooling water were also available from the works' resources. The Gas Research Board had not as yet established its own laboratory and Leeds continued as the home of most of the bench work, but the centre of gravity of the gasification programme now moved to Poole.
After some initial delays due to design difficulties on the mechanical and electrical side the experimental hydrogenator was finally commissioned in the autumn of 1944. It very soon became clear that a factor not allowed for in the extrapolation from the laboratory to the pilot scale was the exceptionally high rate of the exothermic hydrogenation reaction. With no adequate means of dispersing the heat to the walls of the vessel the temperature rose locally to a point when further hydrogenation was limited by thermodynamic equilibrium. A high temperature wave passed down the vessel leaving behind a char that was unreactive at lower temperatures. It became clear that this phenomenon required a radical rethinking of the conditions under which the hydrogenation of coal should be carried out.
Meanwhile in order to achieve the objective of enrichment essential for a feasible Lurgi process, it was decided to concentrate on the synthesis of methane. The lengthy task of catalyst development had been continuing at Leeds and a robust non-sintering catalyst had been formulated.
Methods had been perfected for the preparation of catalysts by the co-precipitation of the support (alumina) and the active principle (usually nickel) with whatever promoter might be selected. The system of temperature control previously developed at Leeds and chosen for the trial used product gas re circulation. The trial was a complete success and demonstrated not only the system of temperature and heat recovery but also the satisfactory performance of the catalyst on a gas similar to that which would be produced from a Lurgi gasifier.
The trial was followed later by a second one operating at near atmospheric pressure and designed to be used under the more normal gas industry condi tions. It used the same recirculation system, but with a catalyst bed specially designed to minimize pressure drop. The objective of this trial must be seen against the intense anxiety which continued after the War about the availa bility of oil supplies.
Although these elegant processes were brought to a successful conclusion on the pilot scale they were destined never to reach full development during Dent s lifetime. Towards the end of last year a full scale unit financed by American oil companies and public utilities, which had been installed at the Westfield Lurgi plant in Scotland, was successfully commissioned and demon strated how the process could be used to meet the growing shortage of natural gas in the United States.
During this period Dent was carrying out detailed paper studies of a wide variety of gas production processes and came to the conclusion that they all Biographical Memoirs justified the introduction of the Lurgi gasification process. There would have to be some method of enriching the gas and he still favoured coal hydrogenation. The Gas Research Board accepted the need for a pilot Lurgi gasifier to test out British coals and on which further work could be done on the development of hydrogenation.
Time was not on the side of the Gas Research Board, and they had to acquiesce to the demands for short term results by undertaking work on oxide purification and the mechanical breakage of coke both of which were expedi tiously dealt with. While awaiting the pilot high pressure gasifier and during the period of uncertainty following nationalization the opportunity came to act as a witness for clients having coals tested in Lurgi's new experimental gasifier at Holten in Western Germany. This restored direct contact with Lurgi and anticipated some of the work intended for his own pilot plant, sections of which were just being delivered at Poole. Moreover it led to the testing of English and Scottish coals, tests which were ultimately to result some time later in the installation of Lurgi coal gasification plants at Coleshill in the West Midlands and at Westfield in Scotland. The tests confirmed in Dent's mind the case for introducing the complete gasification of coal at high pressure into the British gas industry.
T he G as Council, Nationalisation of the gas industry took effect on 1 May 1949 and brought about a delay of nearly two years in the programme. The 1949 Gas Act had created twelve independent area boards and a Gas Council with limited powers. The Council was, however, charged with certain specific duties, and these included research. Over 90% of the Gas Research Board's subscription income came from the Council as successor to the gas undertakings but the Research Board was nominally, at least, independent. The plant and appliance manu facturers had joint responsibility for the research programme.
For a year or more the Council and Area Boards were busy solving all the immediate problems presented by the takeover and consolidation of nearly one thousand gas undertakings. The Research Board continued to be supported with finance but was instructed to suspend all further construction expenditure until a decision could be made about its future. In 1950 the Council appointed a Research Advisory Committee and after some consideration decided to establish a research station in the Midlands for which administrative responsi bility was delegated to the West Midlands Gas Board.
This was part of an overall plan by which it was intended ultimately to carry out the industry's research at three main centres located respectively in London, in the Midlands and (much later as it happened) in the North, each with responsibility for one or more aspect of the overall research effort. Each Director was to be responsible directly to the Gas Council for his own programme and its performance, subject only to coordination through the Research Advisory Committee. It was intended that the Midlands Research Station would cover all aspects of high pressure gasification. It was to take over responsibility also for a group previously with the Research Board which had been working on the industrial utilization of town gas.
The Council's offer to take over the Gas Research Board with all its assets and personnel was accepted and agreed by the Department of Scientific and Industrial Research, and Dent was offered the post of Director of the Midlands Research Station. He accepted with alacrity realizing the great opportunities which were now presented through better facilities, more direct interest in the work and, above all, the greatly increased resources which could be made available, particularly for pilot plant work. His first decision was to get the high pressure Lurgi-type pilot gasifier which had been lying on the ground at Poole shipped up to Birmingham, erected on a site offered at Nechells Gas works and have it commissioned for testing with the minimum of delay. It was used to conduct a detailed study of the reactions occurring in a Lurgi-type fuel bed over a wide range of operating conditions. This work confirmed that hydrogenation was the source of methane. Test results with supporting labora tory evidence also pointed to advantages which might result from gasifying coal under slagging conditions.
Meanwhile the West Midlands Gas Board was looking around for a site on wT hich the laboratory buildings and the pilot plant equipment could be located with adequate room for expansion. At Solihull, near Birmingham, there was an obsolescent, but still operational, gas works with sufficient spare land and the Gas Council approved the Board's plan to establish the Midlands Research Station there.
The move from Poole to Birmingham (later to Solihull) was spread over four to five years, during which period a major change was taking place in the fuel situation-the shortage of coal and escalation in price was coinciding with an increased availability of oil and the construction of refineries in Europe.
This was the beginning of a series of rapid and, to some, bewildering changes in the research objectives of the Midlands Research Station brought about by the changing economics of the fuel industries. Some of these objectives had to be pursued simultaneously due to the uncertainty of predictions about the future. A strictly chronological record could be confusing and we have chosen instead to follow certain main themes to their respective conclusions.
Coal gasification
This remained the primary objective of Midlands Research for some years, during which orthodox Lurgi was the only fully developed process available. But there remained the unsolved problem of how to enrich the gas to the required standard. Direct hydrogenation in the fuel bed had been proved impracticable due to local overheating. Some preliminary experiments at Bournemouth pointed the way.
The solution of the temperature control problem was to be found in the use of the fluidized bed technique, recently introduced into the oil industry. A fluidized bed would give uniformity of temperature with the products taking away most of the reaction heat. Any excess could be removed by heat exchangers immersed in the bed. Laboratory scale work was put in hand and a start made on the design modifications to convert the pilot scale reactor. Fluidized opera tion was a complete departure from Lurgi practice and required the redesign of the gasification stage.
Pilot plant work was started on the gasification in steam and oxygen of a fluidized bed of the char resulting from coal hydrogenation. A large high pres sure model of a fluidized gasifier was built and used to test out a number of ideas which had materialized out of process studies and various laboratory tests on ash sintering and ash separation, supported by knowhow gained during the development of a fluidized process for gasifying oil. The model was made to work successfully and a plant was assembled, comprising all the stages required for the complete gasification of coal. Before it could be com missioned events, in the shape of North Sea gas, overtook it and although completed the plant was never operated. It is this concept which is being applied today in the U.S.A. in a new generation of gas from coal processes based on the principle of hydrogasification which Dent had pioneered.
Before North Sea gas finally displaced coal-based processes from the pro gramme it became possible to complete the pilot scale development of the high pressure slagging gasifier. Earlier work done in collaboration with the Ministry of Power had demonstrated the feasibility of the slagging operation and a government study recommended that the Gas Council should pursue the development to an effective conclusion. A large pilot scale slagging gasifier was installed at the Midlands Research Station and equipped for operation at 20 atm pressure on coal; it used a slag tapping system which Dent had conceived during the work on the earlier plant. The work was successful and demon strated substantial improvements over the conventional Lurgi gasifier both in output and in efficiency. At that time in the early sixties this success appeared purely academic because of the discovery of North Sea gas. Just over a decade later, however, the energy crisis in the United States, and particularly the shortage of natural gas, has led to renewal of interest in the gasifier.
A group of fourteen American companies have guaranteed a total of £4 million to carry out a full scale demonstration, with a standard Lurgi gasifier at Westfield, rebuilt to incorporate the slagging principle as developed at Solihull, in a programme expected to last three years.
Catalytic gasification of oil
Cost studies of proposals for a gasification plant in the West Midlands were revealing. The economical manufacture of town gas in a system designed to meet the seasonal heating load would require a low capital cost high efficiency peak load process to supplement the essentially base load capital intensive Lurgi. One proposal that emerged was the synthesis from Lurgi gas, during the summer, of a liquid that could be stored and used to produce gas in winter. The choice fell on methanol. With the use of the same catalyst as for methane synthesis a process was evolved in which a mixture of methanol and water was evaporated and passed under pressure over the nickel alumina catalyst with just sufficient added air to sustain the reaction. The process proved to be quite trouble free and the gas produced was interchangeable with town gas.
This development coincided with yet another of many changes in the oil situation. As a result of the rising demand for heavy fuel oil in Europe a light distillate fraction, or naphtha, became surplus to demand and was being offered at attractive prices. The first requirement was for an efficient method of de sulphurizing the feedstock since the nickel-based catalyst being developed would not tolerate sulphur in any form. Pilot plant tests were then carried out and a process emerged capable of producing a gas rich in methane at moderate temperatures under almost thermoneutral conditions at high space velocity in low cost plant. The results were published in full in 1957 and created great interest even outside the gas industry.
Although described as a peak load process it was soon realized that it had a much greater potential and it was renamed Catalytic Rich Gas, C.R.G. for short.
With ever more plentiful supplies of naphtha C.R.G. could be used to enrich Lurgi or any other lean gas. It could form the basis of a complete gasification route if some of the product gas was reformed to hydrogen. It could be further processed catalytically by using the 20% of hydrogen in C.R.G. to synthesize more methane and give a substitute natural gas (S.N.G.).
Area Boards installed 34 streams of Catalytic Rich Gas and many more have been built abroad. But it is in the United States that the process has achieved its greatest success in the production of substitute natural gas. Fifteen very large streams are in operation or nearing completion. Together with those for which orders are in prospect they represent a total capacity of 2000 million cubic feet per day of natural gas substitute. It may be observed that continuously rated these plants have a capacity twice as large as the whole British gas industry in 1960.
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Oil hydrogenation Soon after nationalization when coal was becoming scarce and relatively expensive Dent came to accept oil as a raw material for the manufacture of gas. He thought that the industry might still be reluctant to commit itself irrevocably and chose to present the alternative of using oil to supply enrich ment in a coal gasification process. The coal hydrogenator at Bournemouth had been adapted to operate under fluidized conditions and it was proposed to inject the oil into a bed of fluidized coke. There were some initial difficulties with heavy fuel oil owing to agglomeration.
In 1956 while these investigations were in train the growing surplus of light distillate suggested that this would be the ideal feedstock.
The hydrogenation of naphtha at 30 atm pressure to a rich gas of about 700-800 Btu/ft3 calorific value was an instant success. The fluidized bed enabled the reaction to be established at about 700-750 °C, at modest reactant preheats of about 300-350 °C with the heat of reaction being removed in the product gases leaving at full reaction temperature. The reactor was simple and the reaction zone stable. The next trial with a light fuel oil met with equal success and Dent moved on to crude oil. Whereas it had been possible merely to vaporize the distillate oils and introduce them into the reactor mixed with the hydrogenating gas, with crude and later with heavy fuel oil the feedstock had to be atomized into a bed of fluidized coke, a procedure which caused the bed to cake and become inoperable. The solution lay in circulating the fluidized bed of coke particles past the oil atomizer so that the wetted particles were heavily diluted with non-wetted ones. A dynamic system was worked out and brought to a sufficiently successful stage of development to permit heat and material balances to be obtained under a variety of conditions. Both crude and heavy fuel oil were hydrogenated to rich gas of 500-700 Btu/ft3 calorific value.
The process had a potential far beyond the enrichment of the lean gas from coal gasification; it could convert complex sulphur-bearing hydrocarbons to simple and stable gaseous ones with a by-product of valuable aromatics. The gaseous hydrocarbons could be steam reformed to make up a system which could produce town gas from any oil without the use of oxygen. Thus, a new process route with many possible variations was conceived.
A Japanese company has signed an agreement with British Gas for the further development of the fluidized bed hydrogenator. It may have its greatest potential in upgrading high sulphur heavy fuel oils, and the heavier crude oils into natural gas substitutes, or feedstocks for the chemical industry.
But naphtha was now clearly becoming the feedstock for gas production. Was there any need for a fluidized bed when hydrogenating naphtha; there was no residue or carbon deposition so why have a carrier ? All that was re quired was the 'thermal flywheel* effect which it might be possible to achieve by inducing gas recirculation within an empty reaction space. Model tests indicated that recirculation ratios of 20 or more should be possible and a pilot plant was erected. The first test was a complete success. A rich gas was pro duced with completely stable reaction conditions which were fully responsive to control. Before the second run was completed one Area Board had ordered a unit, the first commercial one, to enrich the gas from an I.C.I. reformer. The process was competitive with l.p.g. for enrichment and ultimately over 50 commercial units were built. While referred to in the earlier days as the 'empty reactor' it was later renamed more appropriately as the Gas Recycle Hydrogenator (G.R.H.).
Frederick James Dent

The changing pattern
The ten years from 1960 to 1970 witnessed two revolutions in gas produc tion, and at the end a change in the composition of the gas itself. Coal had ceased to be competitive during the 1950s; carbonization was being run down and retort houses were being phased out. Only two coal gasification plants were built and of these one was demolished after a short life, and the otherat Westfield-is maintained only for its use as a test bench.
Under the Gas Act the Area Boards had sole responsibility for the produc tion and supply of gas and they were now faced with a staggering programme of replacements and extensions. The demand for gas was rising again after a long period of stagnation and was soon to reach a cumulative 10% annual increase. The new gas had to be interchangeable with the old to maintain continuity; this meant a gas containing, in round terms, 50% of hydrogen and 30% of rich gas. This latter is responsible for 70% of the total heating value. The rest is a mixture of inert heavier gases called 'ballast' by Dent.
He had concentrated on the production of rich gas by hydrogenation because this was the step needed to make coal gasification possible. He summarized his thoughts on the subject in the Melchett lecture, delivered in 1965 after receiving the medal from the Institute of Fuel. 
4[CH2] + 3H2 ---------> 2CH4 + C2H6
V-----------v ----------->
1 therm 3.89 therms
(1 therm = 105 Btu « 108 J)
In fact he did less than justice to himself by omitting to contrast these with the most elegant, and successful, of his gasification routes, which bypassed the hydrogen production stage. In the catalytic rich gas process purified naphtha reacts directly with steam over a nickel-based catalyst to produce methane, as represented by the equation
This may well be the process by which he will be best remembered and for the development of which, along with other work on gasification, he, with his team, won the 1971 MacRobert Award. Dent assumed-wrongly as it turned out-that since one or other of his processes would produce methane from almost any oil feedstock, and there existed well established methods of reforming methane to hydrogen, there was no need to repeat or demonstrate this last step in the production of an interchangeable town gas.
Wrongly, perhaps, from the point of view of all those who had worked over the years to perfect these processes, because I.C.I. had become equally inter ested in naphtha as a feedstock for the hydrogen they required in the manu facture of fertilizers, and in 1961 they announced their new process. This was a 'one shot' operation by which naphtha was converted directly to hydrogen in externally heated metal retorts using also a nickel-based catalyst. The offer of a fully engineered and guaranteed process was overwhelmingly attractive to the Boards. Supplies of liquefied petroleum gas and of methane imported in l.n.g. tankers from Algeria met for a time their need for rich gas. But there were advantages in using naphtha for all purposes and soon most of the plants ordered were using one or other of the two processes perfected at Solihull for the production of rich gas.
The announcement by the Minister of Power on 21 December 1965 that B. P. had made a commercial discovery of natural gas in the North Sea marked the beginning of a new era. The Gas Council had taken the precaution of joining in the search and were soon aware that their own prospects and those of others could within a few years supply natural gas on a scale representing four times the size of the industry as it was in 1960. The decision to convert consumers' appliances to use natural gas meant that within a few years most of the re-formers had to follow their coal predecessors except for those, mostly C. R.G., which can be converted to provide a gas (S.N.G.) interchangeable with natural gas.
The need for clean energy has created an ever-rising demand for natural gas or an interchangeable substitute. Although conceived in a town gas era Dent's methane-producing processes are perhaps only now realizing their full potential. The exploitation and development of his ideas and principles of coal and oil gasification both by hydrogenation and catalytic means continue to contribute to the upgrading of fossil fuels into premium sources of energy and chemicals.
Frederick James Dent
Character and work
Dent impressed everyone, both those to whom he reported and those who worked under his direction, by his capacity for quick precise evaluation of the methods by which solids and liquids can be converted to fuel gas in an accept able form. He seemed to have the power to think on several planes at once. He could visualize a process in terms of its chemical equations, its thermo dynamic feasibility, its kinetic possibilities and, above all, in terms of the hard ware needed to carry it out on an industrial scale. If necessary he could do this in the course of a conversation without reference to reports or tables.
He was always a forceful advocate of the course of action he thought right, and from his earliest days would defend his views with vigour; as when at an Institution meeting to which he had presented his first Fellowship report, he replied to some criticism in these words: 'With reference to (the last speaker's) remarks, either I have not made myself clear or he has misunderstood me. ' His dedication was immense, a prodigious worker, hard taskmaster-some times difficult to follow in argument-incapable of compromise, and therefore not always his own best advocate, but capable of firing everyone with his tremendous enthusiasm.
In spite of this he had the intellectual mobility to follow, or sometimes anticipate, the changing pattern of the gas industry over the years during 170 which he worked for it. He summed it up in the 1965 Melchett Lecture, 'Circumstances have changed so rapidly that it has been difficult to keep pace with them. Time became the most valuable commodity. . . . The ideal coal process could wait, and alternatives to oxygen could wait. . . . We usually had reason to regret any protracted period of exploratory laboratory investi gation . . . we came to the opinion that operation on a reasonable scale at an early stage is most desirable to throw difficulties into their proper perspective. Laboratory work was of most value after the problems had been recognized this way'. Dr L. A. Moignard, who was Dent's longest serving assistant, joining him in 1938 and remaining with him throughout his working life, has written the following appreciation.
'In his professional life, Dent was dominated by the ambition to understand the gasification and hydrogenation of coal and, after the mid-fifties, of oil as well and, on the basis of this, to design viable gas-making processes. He was too unassuming to seek authority for its own sake, but realist enough to know that he needed command of substantial resources to gratify his ambition. Accordingly the sequence of appointments, and the recognition that he did secure in research, gave him deep satisfaction. He often referred to the gener osity of the financial support he had received throughout his career; he had had a "fairy godmother" in the gas industry.
'It followed from this approach to his tasks that, from first to last, he was wedded to science and technology. He was a remarkable example of a man who remained outstandingly productive until he retired: he was nearly 60 when the patent application for the most advanced form of his invention of a fluidizedbed oil hydrogenation process was filed. He was convinced that in the last analysis the wellbeing and reputation of his Research Station, and of its people, depended solely on its fertility in research and development results, and he never tired of impressing this on his staff. He made no moves towards the administrative or managerial kind of scientific life and indeed was impatient of administration in most of its forms. The minimum, in terms of staff recruit ment, financial control and similar matters, was done, and as much as possible was delegated to his senior staff. For similar reasons, he played little or no part in the work of the professional institutions.
'Dent was richly endowed with intuitive perception into the cause of observed events which were, for him, the foundation of all technical progress: observa tions were the one thing which no practising scientist could afford to neglect, and should make personally. He was never happier than in the laboratories, giving enthusiastic and detailed instructions for experiments to be performed and then waiting, rather impatiently, and fervent with speculation, for the outcome. Facts, once established, were accepted and the challenge then was to incorporate them into the speculation which underlay the next conceptual adventure. He never ceased to regret the need to delegate practical work, and indeed he was a man whose manual skills (which he put to good use in his hobbies) matched his exceptional intellect. With a tinge of resentment, he would remark that an outstanding surgeon was not expected to sit in an office while lesser surgeons did the operations! 'Insofar as he thought about staff organization at all, it was this outlook which led him to prefer a radial to a hierarchical type of structure. He liked all his men, above the level of assistants, to report to him personally, and had this been truly workable, great benefit would have accrued from the influence of his personal teaching spreading more widely than it did. Some time elapsed before he accepted that to work by this method would limit the Research Station to a size at which it would be unequal to its tasks, but he always regretted the need to delegate the direction of research and would complain that the Station was getting too large.
'He was convinced of the importance of training minds to be capable of appreciating the significance of good observations. His was a receptive mind, powerfully capable of original thought, quite unabashed at challenging the 'conventional wisdom' of the moment, and well able to lead and inspire the men who worked with him, some for many years. To engage in a technical discussion with Dent was a salutary and even humbling experience, because of the breadth of his knowledge, his command of the experimental results and the intricacy and perceptiveness of the reasoning with which he interpreted them. It was notable that his imagination was most acute in the physically visual sense rather than in the vein of pure ideas. It was the thinking of a par ticularly gifted engineer, even when the subject was chemistry or physics.
'He exploited these gifts with an outstanding capacity for hard, rapid and effective work. The needs of the hour dictated his daily schedule: a harassed and tired member of his staff once remarked that Dent's best results were always obtained at two in the morning; but Dent would be there to see them emerge. He supported the results of experiments with detailed and exhaustive analyses of the material and thermal aspects of process steps, filling notebook after notebook with numerical calculations. He accustomed himself to this practice as a young man, in the days before computers or even serious mechani cal calculators were available. To watch him solve five simultaneous equa tions, eventually by trial and error, using twelve significant figure numbers, by long division and multiplication, at high speed without mistakes, was an impressive experience. In our family circle, a " Freddy calculation'' is the name of the cool arithmetical operation which upsets the heady guesses of the enthusiastic speculator.
'He made serious demands of his staff in terms of energy, industry, time and application, but never of a kind that he was unwilling to supply himself. In this sense, as in others, he was an exceptional leader, whose influence by example was often decisive when the tired and disheartened troops would waver in the face of yet another breakdown or setback. In other senses, he expected much less-as regards intellect, for instance, or originality. These he knew he could supply; it was enough for him that a man should work with singleminded devotion to the need of the development in hand. He would forgive almost anything but laziness or indifference, and would give more credit than was often deserved to those who had diligently helped him, with dedication, to see the work through. He was anxious for the welfare of his staff, not only in the material sense, and particularly in ensuring that they had opportunity to work at a productive topic.
'In work with Dent, excitement was never lacking; if there were disappoint ment today, something would be thought up leading to the prospect of good news tomorrow. But periods of comparative calm would alternate with times when he felt that results were not forthcoming quickly enough, and there would ensue a tempestuous period when frantic efforts were made to retrieve the situation or to fill up a pitfall that had suddenly appeared at our feet.
'When the time came to prepare work for publication Dent brought to the task a masterly command of English; his scientific and technical writing was a model of conciseness, clarity and accuracy. This quality was not easily achieved; he took immense pains over writing and the final product was often the result of several revisions, argued over at length with members of his staff'.
Retirement, 'Four glorious years'-this was how Fred Dent described the first four years that he spent in the Mediterranean with his wife, cruising in his yacht and exploring its harbours, anchorages and islands; the tragedy was that only one year remained to him. He had experienced the vagaries of Mediterranean weather and could handle his yacht with safety and confidence, much of the time with only his wife as crew. Towards the end he was discovering a new interest through intimate experience of the seas and lands where people had lived who created the ancient world.
He began to read with immense pleasure translations of Homer, Plato, Aristotle, Xenophon, Plutarch, Aristophanes, Sophocles, Aeschylus, Euripides, Cicero and Virgil. He found these works even more thrilling than the classical sites and ruins, because, he said, they were as much alive as the day they were written and contained ideas and problems amazingly applicable to modern times. There is advantage to be gained by coming fresh to the history of ancient lands, even if in translation; at least it avoids the boredom generated by textual criticism in school or university. The owner of a small yacht is as well placed as anyone to judge how Ulysses felt about the perils he claimed to have survived and understands very well why that crafty hero tells his tale with such pardon able hyperbole.
There had never been any secret of Dent's intention to retire early, and he would not be persuaded otherwise. When he bought his first X boat 'Lark', thirty years before, followed later by 'Blue Jay', he had declared that Greece was the ultimate objective. His unswerving resolve was to get away while there was yet time towards the sun and freedom, and the year 1967 was as good as any. He was 63, in excellent health, with a well found yacht adequate for all purposes either sailing alone with his wife, or entertaining family and friends.
He could look back on a career which had been creative and purposeful, and which had produced two very successful processes operating world wide on a large scale, and several others waiting to be used or in the stage of active development. He had built up a team of experts capable of carrying out these developments. There may have been some sense of disappointment in that the gas industry here in Britain was becoming totally committed to the exploitation of natural gas from the North Sea, but the possibility that the United States, by far the largest user of natural gas, would soon be requiring processes to make substitutes for their own dwindling reserves would not have escaped him.
The abruptness with which he terminated his interest in gasification on his retirement puzzled, even astonished, some of his friends and colleagues but it was entirely in character. He never did anything half-heartedly and a part time occupation was incompatible with his nature. His gasification work was over and the next job was to get his yacht to the Mediterranean, a voyage which he had been planning for years. He therefore went straight from his office to his boat in the same way as he had done many times before to start a holiday cruise-the only difference now was that this cruise was going to last longer than usual.
He set sail for Gibraltar in June 1967, experienced the traditional Biscay gales and was hove to in the Atlantic for two days. He wrote:
'It was fairly hard going down to Finesterre. Dead westerlies all down channel-turned SW as soon as we were ready for Biscay-and then when about 100 miles South of Ushant, the gale. We hove to-for about 40 hours in all-first to let the sea go down and then to get some sleep before morning. During the gale, under staysail and mizzen, we were quite comfortable-no solid water came aboardand when I could detach myself from apprehensions about the lightened masts and rigging-and, strangely, this was not difficult to do, one realized that the sea looked magnificent. One wouldn't ask for a gale but, it having arrived, I was glad of the experience.
Modified my ideas about handling a rig considerably!' At Vigo in north-west Spain his crew returned and Jean was now free to come out and join him. Together they explored the Spanish and Portuguese coasts, viewed the site of the Battle of Trafalgar, spent four weeks in Tangier and wintered in Gibraltar. He returned briefly to receive the award of the Birmingham Medal of the Institution of Gas Engineers, and visited the U.S.A. to undertake consultancy work in coal gasification.
Next summer they sailed into the Mediterranean leaving behind them the 'River of Ocean', furthest limit of the ancient world, and made their way along the Spanish coast by way of Ibiza to Palma in Majorca for the winter. In the summer of 1969 with two friends they visited most of the smaller harbours in Majorca, in one of which they were intrigued to find a fishing boat named 'Fred Dent'; had some ancestor perhaps stepped ashore from fleet or mer chantman ? Next they sailed to Minorca, once an outpost of England with memories of Nelson's great fleet anchorage at Port Mahon. Then northward by way of Sardinia to Bonifacio in Corsica, the legendary home of cannibalistic Laestrygonians,* who so nearly destroyed Ulysses and all his men. Through the Straits of Bonifacio where Nelson with his fleet spent many weary months lying in wait for the French fleet in Toulon they made their way to mainland Italy. Visits to Ischia and other offshore islands provided opportunities for family reunions. They then set out for Malta by way of the Straits of Messina passing Scylla close to port and avoiding Charybdis to starboard, as indicated in the sailing directions of the Odyssey. They may have recalled how narrowly Ulysses escaped the deadly whirlpool, when the engine having broken down and there being no wind Fred was reduced to towing 'Blue Jay' to harbour rowing the rubber dinghy.
The whole of 1971 was spent in Malta where they had now established a home and learned that Dent and four of his colleagues had received the MacRobert Award. They returned to England briefly for the presentation by H.R.H. Prince Philip at Buckingham Palace. The year 1972 had as its main objective Corfu and the lovely Ionian islands, and again time was found for the families to holiday on board. At Ithaki, the legendary home of Ulysses, they recorded an earthquake. That summer's cruise concluded with a visit to Delphi, and a memorable passage through the Corinth Canal, to lay the yacht up for the winter at Vouliagmeni near Athens.
After another winter in Malta they returned by car to Greece so as to visit much of the mainland which is not easily reached from a yacht. Aboard again, they visited the islands in the Saronic Gulf and then left 'Blue Jay' at Spetsai for a time in order to explore the Peleponnese and visit Sparta and Olympia by car. They returned on board in September, and here Fred was taken suddenly ill and flown back to Malta where he died at his home after a brief illness on 5 October 1973.
He is survived by his wife Jean, the companion of many voyages, and by his son John and his daughter Marie (Mrs Morrison), by three grandchildren and by his sister Letty (Mrs Turner).
